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PURPOSE 
 
This report presents the results of an environmental investigation conducted at the Public Works site in 
September 2008 by personnel from the Lockheed Martin Response Engineering and Analytical Contract 
(REAC) in consultation with the Environmental Protection Agency (EPA) Environmental Response Team 
(ERT) Work Assignment Manager (WAM).  The objectives of the Work Assignment (WA) are to use 
geophysical methodologies to look for drum-like anomalies and collect soil samples in the areas where 
the anomalies are detected.  Soil samples were submitted to the ERT/REAC Laboratory in Edison, New 
Jersey (NJ) for target analyte list (TAL) metals and target compound list (TCL) volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOCs) and pesticides/polychlorinated biphenyls 
(PCBs) analyses.  The project was initiated under REAC WA No. EAC00358. 
 
BACKGROUND 
 
The site consists of a 2-acre vacant lot and is located within a residential area of Guanica (Figure 1).  The 
property is being considered for development as a shopping center.  Aerial photography shows at least 
three buildings were formerly located on the site, but all of these structures have been removed and only 
the concrete slabs remain.  The site has cleared and grassy areas, mounds of debris, and areas that are 
heavily vegetated with shrubs and trees.  A school is adjacent to the site along the western perimeter.  A 
wooded area, municipal building and highway (PR-33) are located along the eastern boundary of the site.  
The site is bounded to the north by a wooded area and high-rise building and to the south by a road (CII 
13 de Marzo) and a residential area. 
 
A preliminary geophysical survey of a portion of the site by ERT/REAC in August 2008 indicated at least 
one area potentially contains buried metal and some scattered metal was observed on the surface of the 
site (LM REAC 2008). 
 

0358-DFR-112608 1 



ACTIVITIES 
 
Geophysical Survey 
 
A time-domain electromagnetic (TDEM) survey was conducted using a Geonics® EM61 MK2 (EM-61) 
instrument over as much of the site as possible.  Some portions of the site were not accessible due to thick 
vegetation, debris piles or concrete slab structures.  Two distinct survey grids were established on the site, 
Area 1 to the on the southern portion of the site and Area 2 on the northern portion of the site (Figure 1).  
The survey grids were set-up using measuring tapes and a right angle prism by running a baseline along 
the northern boundary of the grid.  Survey lines were spaced 3 feet apart.  The locations of all corners of 
the grids were obtained in the field using a differential global positioning system (dGPS).    
 
The EM-61 is a time-domain metal detector that induces a magnetic field in the earth and measures the 
secondary magnetic field that is created.  Measurements are made over different time gates providing 
better discrimination of the materials based on the decay of their secondary magnetic field.  Data 
collected during the survey were uploaded to a portable computer and processed.  The processed data 
were contoured using Surfer software and then interpreted.  After the EM-61 survey was completed, a 
ground penetrating radar (GPR) system was used to confirm and refine the locations of anomalies 
identified during the TDEM survey.  A GPR survey was conducted in two of the three target areas in Area 
2, one of the target areas (Target Area 1) could not be surveyed because of standing water on that portion 
of the grid (Figure 1 and 3). 
 
 Soil Sampling   
 
Soil samples were collected in areas where geophysical anomalies were detected during the EM survey.   
Target Area 1 and Target Area 2 were targeted for soil sampling (Figure 3).  Surface soil samples were 
collected using a decontaminated stainless steel trowel to a depth of 6 inches below ground surface (bgs).  
Soil for VOC analyses was collected directly into a glass sample container to minimize VOC losses.  
After the VOC sample was collected, the remainder of the sample was placed into a dedicated pan and 
homogenized.  Sub-samples of the homogenized soil were placed in glass jars for SVOC, Pesticide/PCBs, 
and metals analyses. 
 
At all sample locations, an attempt was made to collect a subsurface soil sample to a maximum depth of 3 
feet bgs using a decontaminated stainless steel bucket auger.  Due to the rocky nature of the soil, it was 
only possible to collect subsurface samples at Locations 3 and 4 of the seven locations.  Soil for VOC 
analyses was transferred directly from the auger into a glass sample container.  The remainder of the soil 
was transferred to a dedicated pan and homogenized.  The homogenized soil was transferred to a sample 
container for SVOC, Pesticide/PCBs, and metals analyses. 
 
All samples were maintained under custody of the task leader in a cooler on wet ice prior to shipment to 
the ERT/REAC laboratory.  Prior to shipment, labels and chain-of-custody forms were generated using 
SCRIBE database software.       
 
Soil Gas Sampling 
  
At the same locations (based on the geophysical survey, as described above) the soil samples were 
collected, the sampling team intended on collecting shallow (to a depth 3 feet bgs) soil gas samples.  Due 
to the heavy rain at the time of sampling event, the water table was close to or above the ground surface 
and soil gas sampling was not possible.      
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Sample Handling And Custody 
 
All samples submitted to the ERT/REAC Laboratory for analyses were maintained on the site in a sample 
cooler on wet ice under the task leader’s custody.  Prior to shipping the samples, all field data were 
entered into the SCRIBE database and Chain of Custody (COC) records were generated.  The COC 
records were placed in the sample cooler and shipped via Federal Express.  All COC records received a 
peer review in the field prior to transport in accordance with REAC SOP #4005, Chain of Custody 
Procedures.  At least two custody seals were placed across the shipping containers to ensure sample 
integrity during shipping. 
 
RESULTS AND DISCUSSION 
 
The field investigation was conducted between 23 and 25 September 2008 at the Public Works (Obras 
Publicas) Site in Guanica, Puerto Rico.  Due to heavy rains and standing water throughout much of the 
site, it was not possible to collect any soil gas samples.  The standing water on the site also impacted the 
GPR survey over Target Area 1.  All site activities were photodocumented (Appendix A). 
 
Geophysical Survey 
 
Figure 2 provides the EM61 differential response for Survey Areas 1 and 2.  Survey Area 1 was 
rectangular in shape and was located on the southern portion of the site.  This area had a low response on 
the EM-61 indicating little or no buried metal.  Some of the responses were correlated with small metal 
objects on, or just under, the ground surface.     
 
Survey Area 2 was located on the northern portion of the site and had an irregular shape due to the 
accessibility limitations of the survey equipment created by high vegetation and a debris pile.  The 
northern and western portions of Survey Area 2 had a higher differential response indicating significant 
levels of buried metal in three target areas (Target Area 1, Target Area 2, and Target Area 3) as indicated 
on Figure 2.   
 
Target Area 1 contained the largest metal anomaly (20 x 60 feet) and based on GPR data collected during 
the site visit in August, was the most likely to contain buried drums (REAC, 2008).  The GPR data 
showed chaotic regions in the profiles from the radar waves reflecting off surfaces that are not parallel to 
the surface or to each other.  There also appeared to be a disturbed area above the anomalies.  These 
anomalies are also large enough to be caused by metal objects several feet long.   
 
Target Area 2 had the second largest metal anomaly.  Based on the GPR data collected during this 
investigation, it appeared this area contained smaller metal objects (about 2 feet across) and metal 
reinforced concrete (Figure 4).  Target Area 3 had the smallest anomaly of the three target areas and 
based on the GPR data appeared to contain smaller pieces of metal dispersed throughout the target area 
(Figure 4). 
 
Based on the results of the geophysical survey, Target Area 1 is most likely to contain buried 55-gallon 
drums.  The excavation of test pits would be required to definitively conclude whether the anomalies 
observed during the survey were 55-gallon drums and not other metal debris.  Although Target Area 2 
contained the second largest metal anomaly, the GPR indicated that this anomaly was likely caused by 
smaller metal objects and metal reinforced concrete.  The GPR data show no indication of drums being 
buried in Target Area 2, but if Target Area 1 is excavated Target Area 2 should also be excavated because 
of its small size and proximity to Target Area 1.   
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Soil Sampling 
 
Seven surficial surface soil samples and two subsurface soil samples were collected in Target Areas 2 and 
3 (Figure 3). The samples were submitted for VOC, SVOC, Pesticide/PCBs, and metals analyses.  Tables 
1 through 4 contain a summary of the analytical results.  A discussion of the analytical methods and the 
validated data are included in the Final Analytical Report (Appendix B). 
 
Three semivolatile compounds were detected in the soil samples (Table 1).  All three compounds were 
phthalates (di-n-butylphthalate, butylbenzylphthalate, and bis-(2-ethylhexyl) phthalate.  All compounds 
were detected at low concentrations, below the reporting limit with the exception of butylphthalate, which 
was detected at a concentration of 1,370 micrograms per kilogram (µg/kg) in the subsurface sample 
collected at Location 3 (6 to 12 inches depth).   
 
Four pesticide compounds (p,p’-DDE, dieldrin, p,p’-DDD, and p,p’-DDD) and one PCB Aroclor (1260) 
were detected in the soil samples (Table 2).  Of the four pesticide compounds, p,p’-DDE and p,p’DDT 
were detected the most frequently and generally at the highest concentrations.  The compound p,p’-DDE 
was found in eight of the nine soil samples and at concentrations up to 25.0 µg/kg at Location 7 (surface); 
p,p’-DDT was detected in seven of the nine soil samples at concentrations up to 29.8 µg/kg at Location 3 
(6 to 12 inches depth).  Aroclor 1260 was the only PCB Aroclor detected in the soil samples, but it was 
detected in every sample at concentrations up to 133 µg/kg in the surface sample collected at Location 5 
(surface). 
 
Only one volatile compound (acetone) was detected in the soil samples (Table 3).  Acetone was detected 
in three of the nine samples and was only detected at concentrations below the Reporting Limit (RL). 
 
Twenty-one metals were detected in the soil samples (Table 4).  There was no trend between location and 
metal concentration (i.e., no one location overall contained the highest metal concentrations).  Arsenic 
was detected at concentrations up to 6.96 milligrams per kilogram (mg/kg), chromium at concentrations 
up to 727 mg/kg, copper at concentrations up to 45.1 mg/kg, lead at concentrations up to 243 mg/kg, 
mercury at concentrations up to 0.119 mg/kg, and zinc up to 208 mg/kg. 
 
The concentrations of metals in surface soils collected during this investigation were compared to the 
EPA Region 3 Risk-Based Concentration (RBC) Table (EPA Region III, 2008) for soil screening levels 
(SL).  These tables provide guidance to help determine if contaminants may be present at levels of 
potential concern. Generally, at sites where contaminant concentrations fall below SLs, no further action 
or study is warranted under the Superfund program. Contaminant concentrations above the SL would not 
automatically trigger a response action; however, exceeding a SL suggests that further evaluation of the 
potential risks by site contaminants is appropriate.   
 
Based on the close proximity and potential exposure to children, the TAL metals concentrations were 
compared to the USEPA Region 3 Residential Soil Screening levels. Total chromium (assumed 1:6 ratio 
hexavalent chromium to trivalent chromium) that ranged up to 727 mg/kg of total chromium exceeded the 
residential SL of 280 mg/kg for all soil samples.  Chromium appears to be the primary soil contaminant of 
concern. Further investigation of metals in soil, particularly chromium should be considered for the 
remainder of the site. 
 
With the exception of chromium, low levels of other contaminants were detected throughout Target Areas 
1 and 2 in surface and subsurface soil samples.  Without additional sampling and assessment, it is 
impossible to conclude whether these contaminants are related to drums that may have been buried on the 
site or to background levels throughout the general area.  Site soils appear to consist mainly of fill so it is 
unknown if these contaminants are site related or are associated with the fill. 
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FUTURE ACTIVITIES 
 
No future activities are expected at this time. 
 
REFERENCES 
 
US EPA Region 3. 2008. Master Regional Screening Level Table. Oak Ridge National Laboratory. 
Available at http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm. 
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Table 1
Semivolatiles Results - Soil Samples

Public Works Site
Guanica, PR

All Concentrations in micrograms/kilogram, dry weight

Sample Sample Sample
Location Number Date Di-n-butylphthalate Butylbenzylphthalate Bis-(2-ethylhexyl) phthalate
Location 1 (Surface) 00358-0001 September 25, 2008 U 411 J 118 J
Location 2 (Surface) 00358-0002 September 25, 2008 U U U
Location 3 (Surface) 00358-0003 September 25, 2008 U 449 J 148 J
Location 3 (6" to 12") 00358-0004 September 25, 2008 182 J 1,370 212 J
Location 4 (Surface) 00358-0005 September 25, 2008 U U U
Location 4 (6" to 12") 00358-0006 September 25, 2008 U U U
Location 5 (Surface) 00358-0007 September 25, 2008 167 J U U
Location 6 (Surface) 00358-0008 September 25, 2008 U 162 J 463
Location 7 (Surface) 00358-0009 September 25, 2008 U 179 J 204 J
J denotes value is estimated.
U denotes not detected.
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Table 2
Pesticide/Polychlorinated Biphenyls Results - Soil Samples

Public Works Site
Guanica, PR

All Concentrations in micrograms/kilogram, dry weight

DRAFT PRELIMINARY DATA

Sample Sample Sample
Location Number Date p,p'-D D E Dieldrin p,p'-D D D p,p'-D D T Aroclor 1260
Location 1 (Surface) 00358-0001 September 25, 2008 U U U U J 26.0 J
Location 2 (Surface) 00358-0002 September 25, 2008 4.93 U U 6.32 J 42.6 J
Location 3 (Surface) 00358-0003 September 25, 2008 1.66 J U U 4.34 J 70.4
Location 3 (6" to 12") 00358-0004 September 25, 2008 12.9 U 2.63 J 29.8 J 99.6
Location 4 (Surface) 00358-0005 September 25, 2008 3.17 J 4.72 U 8.99 J 79.7
Location 4 (6" to 12") 00358-0006 September 25, 2008 2.76 J 10.4 2.01 J 6.69 J 54.0
Location 5 (Surface) 00358-0007 September 25, 2008 4.21 J U U U J 133
Location 6 (Surface) 00358-0008 September 25, 2008 18.4 U U 15.2 84.1
Location 7 (Surface) 00358-0009 September 25, 2008 25.0 1.79 J 2.43 J 8.83 J 52.0
J denotes value is estimated.
U denotes not detected.
UJ denotes not detected and reporting limit is estimated.
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Table 3
Volatiles Results - Soil Samples

Public Works Site
Guanica, PR

All Concentrations in micrograms/kilogram, dry weight

Sample Sample Sample
Location Number Date Acetone
Location 1 (Surface) 00358-0001 September 25, 2008 28.1 J
Location 2 (Surface) 00358-0002 September 25, 2008 U
Location 3 (Surface) 00358-0003 September 25, 2008 13.4 J
Location 3 (6" to 12") 00358-0004 September 25, 2008 U
Location 4 (Surface) 00358-0005 September 25, 2008 U
Location 4 (6" to 12") 00358-0006 September 25, 2008 U
Location 5 (Surface) 00358-0007 September 25, 2008 15.8 J
Location 6 (Surface) 00358-0008 September 25, 2008 U
Location 7 (Surface) 00358-0009 September 25, 2008 U
J denotes value is estimated.
U denotes not detected.
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Table 4
TAL Metals Results - Soil Samples

Public Works Site
Guanica, PR

All Concentrations in milligrams/kilogram, dry weight

Sample Location Location 1 (Surface) Location 2 (Surface) Location 3 (Surface) Location 3 (6" to 12") Location 4 (Surface) Location 4 (6" to 12") Location 5 (Surface) Location 6 (Surface) Location 7 (Surface)
Sample Number 00358-0001 00358-0002 00358-0003 00358-0004 00358-0005 00358-0006 00358-0007 00358-0008 00358-0009
Percent Solids 71 77 74 77 71 86 73 80 82
Aluminum 11,400 12,500 10,700 12,100 10,800 8,330 10,500 13,000 14,900
Arsenic 6.96 3.42 3.20 4.49 3.41 2.78 2.99 3.14 3.57
Barium 97.9 J+ 57.3 J+ 65.4 J+ 89.1 J+ 65.9 J+ 80.8 J+ 47.9 J+ 59.7 J+ 74.1 J+
Berylium 0.278 U U U U U U U U
Cadmium U 0.558 0.497 1.09 0.569 0.325 0.396 0.458 0.602
Calcium 49,000 83,500 58,900 87,300 89,500 117,000 65,500 67,600 82,400
Chromium 527 547 661 548 557 298 727 563 527
Cobalt 42.9 39.6 47.7 49.0 57.0 26.9 58.5 47.1 45.8
Copper 37.8 45.1 31.7 36.4 31.6 25.9 30.4 34.5 40.4
Iron 41,700 36,100 41,700 52,900 39,400 27,200 41,900 40,700 39,000
Lead 13.1 J+ 26.8 J+ 36.8 J+ 243 J+ 30.4 J+ 10.3 J+ 19.7 J+ 53.2 J+ 28.9 J+
Magnesium 82,800 69,300 84,400 83,200 94,700 53,300 103,000 89,200 67,600
Manganese 879 571 591 654 647 540 635 603 609
Mercury 0.0656 0.0567 0.0452 0.119 0.0795 0.0359 0.0489 0.121 0.153
Nickel 759 663 842 829 937 447 1,060 788 707 J
Potassium 839 J 1,240 J 1,030 J 891 J 743 J 587 J 800 J 1,190 J 1,240 J
Silver U U U U U U 0.580 U U
Sodium 167 187 172 205 195 176 165 226 160
Thallium 2.06 U 1.79 2.09 U U U 1.50 U
Vanadium 66.5 J- 65.0 J- 57.8 J- 60.3 J- 60.6 J- 63.4 J- 61.4 J- 64.3 J- 74.3 J-
Zinc 86.1 J+ 126 J+ 153 J+ 208 J+ 126 J+ 72.0 J+ 80.3 J+ 122 J+ 114 J+
J denotes value is estimated.
J+ denotes value is estimated high.
J- denotes value is estimated low.
U denotes not detected.
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APPENDIX A 
 Photodocumentation 
 Public Works Site 
 Guanica, Puerto Rico 
 November 2008 



 
FIGURE 1.  Looking south-west from north-east corner of Area 1. 

 
 
 
 

 
FIGURE 2.  Looking south at eastern portion of Area 2.   
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FIGURE 3.  Looking south at central portion of Area 2. 

 

 
FIGURE 4.  Looking south at western portion of Area 2. 
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FIGURE 5.  Northern boundary of Area 2. 

 

 
FIGURE 6. Looking west across Target Area 1. Pin flags for sample locations 2 through 5  

can be seen in photograph with location 5 in the foreground and 2 in the background. 
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FIGURE 7.  Sample Location 4. 

 

 
FIGURE 8.  Sample Location 1. 
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FIGURE 9.  Collecting EM-61 data in the western portion of Area 2. 

 

 
FIGURE 10.  Collecting Ground Penetrating Radar data in Area 2. 
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 APPENDIX B 
 Final Analytical Report 
 Public Works Site 
 Guanica, Puerto Rico 
 November 2008 






















































